Studies have been continued on the synthesis of glycolipids by the NIL 2 line of hamster cells. Several clones were isolated from this line. These clones vary in morphology, saturation density, and glycolipid composition. Contrary to expectation there was no correlation between saturation density and complexity of the glycolipid pattern. In fact, the clone with the highest saturation density was the only one to show the complete set of glycolipids found previously in NIL 2 cells. All untransformed NIL clones show an increase in the level of "higher" (more than two saccharides/ceramide) glycolipids as the cells approach confluence. In the line containing all three "higher" neutral glycolipids, all three increased as cells approached saturation density. In the line containing only hematoside, this compound increased at confluence. Cells transformed by hamster sarcoma virus or polyoma virus showed no density-dependent glycolipid synthesis.
The glycolipids of cultured mammalian fibroblasts have been studied intensively during the last few years. The fibroblasts of murine origin as well as those from many other species have principally gangliosides, glycolipids containing sialic acid. In contrast, fibroblasts from the established hamster lines, BHK 21 and NIL 2 cells, have a series of neutral glycolipids and only a single glycolipid containing sialic acid, hematoside (GM3; see Table 1 ). The structures of the neutral hamster glycolipids have been determined by Hakomori et al. (1) and, as shown below, our work has confirmed these structures. Table 1 presents the structures of the hamster fibroblast glycolipids and the designations used for them in this paper.
Experiments done by Robbins and Macpherson (2) and also by Hakomori and coworkers (3) have shown that viral transformation of NIL or BHK cells causes the disappearance of GL-3, GL-4, and GL-5. GL-1, GL-2, and GM3 are present in substantial amounts in virus-transformed cells and share no fixed pattern of variation after transformation. Of exceptional interest is the finding that GL-3, GL-4, and GL-5 in untransformed cells are all present in larger amounts in confluent than in sparsely growing cultures. This observation suggests that, in these cells, cell-to-cell contact serves as a positive control for the synthesis of these glycolipids and that absence of contact or loss of contact inhibition (e.g., by transformation) could bring about the lowering of the concentrations of these three glycolipids.
In order to extend these findings we isolated several clones from the NIL cell line. These clones had differing morphologies, saturation densities, and glycolipid patterns. One clone was transformed by polyoma virus and hamster sarcoma virus. This paper reports studies on the properties of these clones and on the density-dependent synthesis of glycolipids that is shown by all of the untransformed cell lines. (8) . The isolation of the lipids was done as described earlier.
The extracted lipid was hydrolyzed by the method of Sweeley and Moscatelli (13) . After hydrolysis, the acid solution was extracted with petroleum ether and the fatty acids thus extracted were counted. The solution was made alkaline, and sphingosine was extracted with ethyl ether. An aliquot was counted. The remaining ether phase was dried, and sphingosine was determined by the method of Robins et al. (14) .
RESULTS

Lipid patterns of NIL clones
We first observed that the lipid patterns of NIL B1 and NIL 2e cells, which were derived originally from the same clone, differed considerably. Specifically, NIL B1 cells contain neither globoside (GL-4) nor trihexosyl ceramide (GL-3). However, they do have hematoside (GM3) and the Forssman glycolipid (GL-5). Both GM3 and GL-5 are present in lesser amounts in growing cells than in confluent cells of NIL B1.
NIL 2e cells contain all of the glycolipids shown in Table 1. GL-4 and GL-5 increase on confluency, but GM3 does not show this density-dependent change in NIL 2e cells (Table   3) . It thus became important to examine whether these differences would become accentuated in individual clones derived from these cell lines. (Table 3 ).
The only clone that was observed to contain all three $ Incorporation into individual lipids relative to incorporation into all lipids. The quantities represent cpm X 1000 divided by total cpm incorporated into phospholipids and glycolipids.
G, growing culture; C, confluent culture; SM, sphingomyelin; PC, phosphatidyl choline; PE, phosphatidyl ethanolamine; PI, phosphatidyl inositol.
"density-dependent" glycolipids was NIL 2cl. We observed the same density dependence as reported earlier. It became interesting to examine at what cell density these glycolipids started to increase. Cells of NIL 2cl were inoculated at low and high density and labeled with [14C]palmitate for long periods. It was found that GL-5 increased before confluency was reached, whereas GL-4 started to increase only when cells had almost attained confluency. In growing cells GL-3 was not observed at all, but it was found after cells reached confluency. Again, GM3 was not density dependent ( Table 4) . As stated in Methods, these cells were labeled for a long period. However, relative amounts of each lipid was the same as in the 24-hr labeling experiment. Thus, real (i.e., nonturnover) differences in the lipid patterns between growing and confluent cells are probably being observed when a labeling period of 24 hr is used. The chemical determination of glycolipid concentrations is described below.
Glycolipid pattern of transformed NIL cli NIL cli lacks GL-3, GL-4, and GL5, the glycolipids that show the typical density-dependent response described above. In this clone, however, hematoside shows a dramatic increase as the cells become confluent ( (Table 5 ).
All of the transformed clones showed less hematoside than the parent line both in the growing state and on confluency.
The density-dependent effect was not seen in any of the clones, whether they were transformed by an RNA virus (hamster sarcoma virus) or a DNA virus (polyoma). The three clones of NIL ici transformed by hamster sarcoma virus had decreased GL-1 and GL-2. These decreases did not occur in the transformed clone by polyoma virus.
* The quantities represent cpm X 1000 divided by total cpm incorporated into phospholipids and glycolipids. (See Table 3 for abbreviations.)
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Chemical measurements of glycolipid concentrations
The increase in GL-3, GL-4, and GL-5 that occurs as cells become confluent was confirmed by direct chemical measurement. An assay of sphingosine was chosen since this moiety serves as the backbone of all glycolipids. The moles of lipid per milligram of protein in growing and confluent NIL 2cl cells varied in the same direction as that shown by the radioactive assays (Table 6 ).
Biochemical results
Distribution of Palmitate Label in Glycolipids. Since it is known that palmitic acid can serve as a precursor of the alkyl chain of the sphingosine molecule (15) , it seemed of interest to determine the distribution of label between sphingosine and fatty acid in the labeled glycolipids. The labeled glycolipids, GL-1 and GL-2, were extracted from a thin-layer plate and the individual lipids were hydrolyzed in methanolic HCl. The fatty acids were extracted from the acidic solution with petroleum ether, and sphingosine was extracted with ethyl ether after the solution was made alkaline. When the radioactivity of these two components was measured, it was observed that about 50% of the radioactivity went into each of those two building blocks of the glycolipids.
Structure of GL-5. Hakomori et al. (1) have assigned the structure shown in Table 1 to GL-5. In confirmation of this structure we have made the following observations: (a) It is known that glucosamine is incorporated by fibroblasts into only the glucosamine, galactosamine, and sialic acid moieties of glycolipids and glycoproteins (16 showed the "density-dependent" increase in glycolipid concentrations as cells approached confluence. In the line containing only GM3, this glycolipid responded to cell density as shown in Table 3 . In lines containing GL-5, or GL-3, GL-4, and GL-5, however, the density-dependent response was limited to these neutral glycolipids and no increase in GM3 was seen. In general, it could be stated that the densitydependent response leads to the increased synthesis of the larger neutral glycolipids in NIL cells and that in the absence of these components the excess glycolipid is-"shunted" into GM3. This explanation, however, is obviously an oversimplification of the situation. A more detailed model, if it could be developed, should account for the quantitative findings and should also give a clear indication of the point(s) at which enzymatic reactions are controlled. The proposal that the density-dependent increase in synthesis resulted primarily from an increase in the formation of GL-3 must certainly be revised in the light of the finding that the Gm3 concentration in NIL ici rises considerably as cells become confluent.
The finding that cells transformed by virus, which have the same glycolipid pattern as NIL cli, do not share the densitydependent response is important. This lack of density-dependent glycolipid synthesis appeared in the cell lines transformed by both the polyoma and hamster sarcoma viruses. When the growth of NIL icl and NIL 2cl cells transformed by hamster sarcoma virus was stopped by treatment with dibutyryl cyclic AMP, there was not an increase in the incorporation of [14C]palmitate into glycolipids (Sakiyama and Robbins, in preparation). These results suggest that loss of the density-dependent effect may be closely associated with a primary effect of viral transformation. Mora et al. (17) have suggested that the viral genome may play an important role in the control of glycolipid synthesis by transformed mouse lines.
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